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Under Energy Research & Development Adminis t ra t ion sponsorsh ip ,  Westinghouse i s  
conducting a d i v e r s e  program t o  develop a low Btu c o a l  g a s i f i c a t i o n ,  combined 
cyc le  e l e c t r i c a l  power genera t ing  process .  
t u r b i n e  combustor development, s t u d i e s  of t u r b i n e  t o l e r a n c e  t o  e r o s i v e  and cor ros ive  
f u e l ,  gas c leaning  a n d  c o a l  g a s i f i c a t i o n  process  development. A s  p a r t  of  t h e  g a s i f i -  
c a t i o n  work, Westinghouse is  o p e r a t i n g  a process  development u n i t  (PDU) a t  Waltz M i l l ,  
Pennsylvania. I t  is t h i s  a s p e c t  o f  the  program t h a t  w i l l  be  d iscussed .  

PROCESS DESCRIPTION 

Before w e  d i s c u s s  s p e c i f i c  test r e s u l t s ,  a b r i e f  i n t r o d u c t i o n  to  t h e  process  i s  i n  
order .  E s s e n t i a l l y ,  t h e  Westinghouse F l u i d i z e d  Bed Process  c o n s i s t s  of two r e a c t o r s  
(Figure 1 ) .  Coal is f e d  by pneumatic t r a n s p o r t  from l o c k  hoppers t o  t h e  d e v o l a t i l i z e r -  
d e s u l f u r i z e r  r e a c t o r  where i t  i s  f l u i d i z e d  by hot  reducing  gases  produced i n  t h e  
gas i f ie r -agglomera tor  r e a c t o r .  The c o a l  and hot  gas  are t ranspor ted  a t  r e l a t i v e l y  
high v e l o c i t y  upward i n  a d r a f t  tube  a long  t h e  r e a c t o r  c e n t e r l i n e .  D e v o l a t i l i z e d  coal 
or  char product  i s  a l s o  e n t r a i n e d  i n  t h e  upward f low of s o l i d s  and gases  i n  t h e  d r a f t  
tube. This  d i l u t i o n  - on t h e  o r d e r  of 30  t o  1 - of  f r e s h  c o a l  w i t h  char  i n  t h e  en- 
t r a i n e d  bed of  t h e  d r a f t  t u b e  prevents  t h e  f r e s h  c o a l  from s t i c k i n g  t o g e t h e r  o r  caking 
a s  i t  is  hea ted  through its p l a s t i c  s t a g e .  When t h e  c o a l  leaves  t h e  d r a f t  tube ,  i t  
e n t e r s  a second p o r t i o n  of t h e  f l u i d i z e d  bed where d e v o l a t i l i z a t i o n  i s  completed and 
where d e s u l f u r i z a t i o n  t a k e s  p lace .  The l a t te r  i s  achieved by absorp t ion  of t h e  hydro- 
gen s u l f i d e  w i t h  dolomite  which i s  a l s o  c i r c u l a t i n g  i n  t h e  f l u i d i z e d  bed wi th  t h e  char 
product .  

Char from the  d e v o l a t i l i z e r  i s  cont inuous ly  drawn from t h e  bed and f e d  t o  t h e  g a s i f i e r -  
agglomerator r e a c t o r .  A p o r t i o n  of t h e  char  i s  combusted w i t h  a i r  i n  t h e  combustor 
zone a t  t h e  bottom o f  t h e  r e a c t o r .  This  zone is opera ted  a t  a temperature  of about 
1950°F a t  which ash  p a r t i c l e s  s t i c k  t o g e t h e r  o r  agglomerate  and become d e f l u i d i z e d .  
Ash i s  cont inuously removed from t h e  bottom of  the  r e a c t o r  a f t e r  be ing  cooled w i t h  
steam. This  steam i s  used t o  g a s i f y  t h e  remainder of t h e  char  and t o  moderate t h e  
combustor temperature .  The h e a t  produced i n  t h e  combustor is c a r r i e d  to  t h e  gas i f ica-  
t i o n  zone by c i r c u l a t i n g  s o l i d s  and f l u i d i z i n g  gases  composed e s s e n t i a l l y  o f  CO, CO2, 
H 2 ,  H 2 0  and N2. Eventual ly  t h i s  g a s  e x i t s  t h e  g a s i f i e r  and e n t e r s  t h e  d e v o l a t i l i z e r  
where i t  provides  a h e a t i n g  and f l u i d i z i n g  medium f o r  t h e  bed. 

The hot  product  g a s e s  l e a v e  t h e  d e v o l a t i l i z e r  a t  about 1600'F and 225 ps ig  and go 
through v a r i o u s  s t a g e s  of c leaning  f o r  p a r t i c u l a t e  removal p r i o r  t o  be ing  combusted 
wi th  a i r  i n  a gas  t u r b i n e  - steam t u r b i n e  combined cyc le  genera t ing  p l a n t .  
l y ,  a 50 T/H c o a l  g a s i f i c a t i o n  p l a n t  produces s u f f i c i e n t  gas  f o r  130 MW of e lectr i -  
c i t y  p l u s  t h e  compressed a i r  and steam used i n  the  process .  
hea t ing  v a l u e  of about  120 Btu /scf .  

The t o t a l  program i n c l u d e s  work i n  gas  

Nominal- 

The low Btu gases  have a 

PDU RESULTS 

I n  August 1976, the  i n i t i a l  s e r i e s  of tests of t h e  d e v o l a t i l i z e r  r e a c t o r  were comple- 
t e d  on t h e  PDU s c a l e  of  nominal ly  1 5  T/D. 
of feeds tock  materials and c o n d i t i o n s  a n d  culminated w i t h  t h e  " f e a s i b i l i t y  demonstra- 
t ion"  of t h e  system w i t h  two h i g h l y  caking Eas te rn  bituminous coa ls .  

These tests w e r e  conducted wi th  a v a r i e t y  

These coa ls  
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were processed f o r  over  200 hours  i n  t h e  d e v o l a t i l i z e r  wi thout  pre t rea tment .  This  
was a major accomplishment i n  c o a l  g a s i f i c a t i o n  development because t h e  u s e  of c o s t -  
l y  and i n e f f i c i e n t  p r e t r e a t i n g  opera t ions  (usua l ly  by s u r f a c e  o x i d a t i o n )  t o  decake 
Eas te rn  coa ls  w a s  n o t  necessary.  

The d e v o l a t i l i z e r  test program w a s  comprised of t h r e e  types  of test: 
shakedown, system s e n s i t i v i t y  and f e a s i b i l i t y  demonstrat ion runs.  E s s e n t i a l l y  t h e  
work began w i t h  non-caking c o a l  feeds tocks ,  progressed t o  mi ld ly  caking bi tuminous 
coa l  and concluded wi th  h i g h l y  caking P i t t s b u r g h  and Upper Freepor t  seam c o a l s .  This  
test sequence i s  summarized i n  Table  I. Coal p r o p e r t i e s  are shown i n  Table  11. Typi- 
cal char  product  p r o p e r t i e s  are given i n  Table  111. 

The p r i n c i p a l  product  of t h e  d e v o l a t i l i z e r  r e a c t o r  i s  de-caked c o a l  o r  c h a r .  TO under- 
s t a n d  and p r e d i c t  the  dynamics of  t h e  i n t e g r a t e d  g a s i f i c a t i o n  p l a n t ,  t h e  o p e r a t i n g  
c h a r a c t e r i s t i c s  of t h e  d e v o l a t i l i z a t i o n  process  must be considered.  Because t h e  
Westinghouse g a s i f i e r  i s  a f l u i d i z e d  bed r e a c t o r ,  t h e  e f f e c t  of d e v o l a t i l i z a t i o n  on 
t h e  char  product ion rates and on t h e  f l u i d  dynamic p r o p e r t i e s  of  t h e  char  p a r t i c l e s  
are c r i t i c a l .  These p r o p e r t i e s  i n c l u d e  char  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  t h e  f r a c t i o n  
of  c o a l  feed t h a t  becomes char product ,  and t h e  s p l i t  of t h a t  product  between drawoff 
from t h e  bed and overhead product  taken from t h e  gas stream i n  t h e  p a r t i c u l a t e  removal 
cyclone. 

To s tudy  t h e s e  e f f e c t s ,  t h e  geometr ic  weight  mean of char  samples withdrawn from t h e  
bed ( t h i s  does not  inc lude  char product  which goes overhead wi th  t h e  product  gas)  
expressed as a dimensionless  r a t i o ,  geometr ic  weight  mean of char  t o  geometr ic  weight 
mean of  coa l ,  has been explored as a f u n c t i o n  of t h e  o p e r a t i n g  parameters  involved .  

p l a n t  s t a r t - u p /  

Type of T e s t  

PDU Shakedown 

System S e n s i t i v i t y  

F e a s i b i l i t y  Demon- 
s t r a t i o n  

TABLE I 

PDU D e v o l a t i l i z e r  Test  Program 
No. of H r s .  

Type of Feedstock 

L i g n i t e  Derived Char 

Sub-Bituminous-C 

High V o l a t i l e  Bituminous 

High V o l a t i l e  Bituminous 

Medium V o l a t i l e  Bitumin- 
ous 

High V o l a t i l e  Bituminous 

Low V o l a t i l e  Bituminous 

Medium V o l a t i l e  Bitumin- 
ous 

N a m e  of Feedstock Coal Processed 

Husky Char 1 7  

Sorensen 1 3  

Mimehaha/ Indiana  17 30 

Minnehaha/Indiana #7 191  

Champion/Pi t t sburgh  30 

Minnehaha/Indiana 17 131 

R e n t o d F r e e p o r t  96 

Champion/Pittsburgh 91 
- 

TOTAL 599 
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TABLE I1 

Coal Raw M a t e r i a l s  

AmaX Consol 
Minnehaha Montour 
Ind iana  7 P i t t s b u r g h  

Coal Company Kemmerer 
Mine Sorensen  
Seam Adav i l l e  

Analysis ( X )  

V o l a t i l e s  36.4 
Carbon 41.0 
Mois ture  19.9 
A s h  2.7 
S u l f u r  0.4 

Ash Fusion (Reducing) 
OF 

I. D. 
H=W 
H=1/2W 
Fluid 

Free  Swelling Index 

Giese l e r  P l a s t i c i t y  

Heating Value,  Btu/ 

Bulk Dens i ty ,  l b / f t 3  

ddm 

l b ,  MAF 

NA 
NA 
N A  
2160 

0 

N A  

13,217 

45.0 

32.1 
43.3 
16.2 

8.4 
0.5 

2170 
2270 
2320 
2380 

1-1/2 - 
250 

14,250 

43.8 

35.0 
49.0 

6.5 
9.5 
1 .9  

2270 
2310 
2350 
2400 

2 7 - 9  

25,000 

12,570 

43.6 

TABLE 111 

Char Product  P r o p e r t i e s  

Coal Company Kemmerer Amax Consol 
Mine Sorensen Minnehaha Montour 
Seam Adav i l l e  Indiana  87 P i t t s b u r g h  

Analysis ( X )  

V o l a t i l e s  
Carbon 
Moisture 
Ash 
Sul fu r  

F ree  Swel l ing  Index 

Gies eler P l a s t i c i t y  

Bulk Dens i ty ,  l b l f t 3  

ddm 

6.2 2.7 
83.1 7 7 . 1  

1 . 7  1.0 
9.0 19.2 
0 .3  0.2 

N A  NA 

N A  NA 

14.7 24.2 

2.9 
76.4 
0.6 

18.2 
1.9 

0 

N o  F l u i d i t y  

29.0 

Consol 
Renton 
Upper Freepor t  

35.6 
53.8 

1 . 7  
8.9 
1 .4  

2510 
2570 
2600 
2650 

8 - 9  

30,000 

13,740 

44.6 

Consol 
Renton 
Upper Freepor t  

2.7 
78.0 
1.5 

16.6 
1 .2  

NA 

NA 

22.0 

176 



A t  t h i s  t i m e ,  t h e  da ta  does n o t  a l low s o p h i s t i c a t e d  p r e d i c t i o n  of r e a c t o r  behavior ;  
however, empir ica l  c o r r e l a t i o n s  of r e s u l t s  have been made t o  i d e n t i f y  c r i t i c a l  param- 
e t e r s .  E s s e n t i a l l y ,  r e l a t i o n s h i p s  w e r e  sought between t h e  diameter  r a t i o  and t h e  
o p e r a t i n g  parameters  presented  i n  Table  I V  a s  f i rs t  o r d e r  e f f e c t s  f o r  each parameter  
and f o r  every combination of p a i r e d  parameters  descr ibed  i n  Table  IV.  
t h e  f i r s t  e n t r y  i n  the t a b l e  (on t h e  coa l  f e e d  r a t e  row and c o a l  feed  r a t e  column) 
i n d i c a t e s  no c o r r e l a t i o n  w a s  found f o r  t h e  a v a i l a b l e  d a t a  f o r  the diameter  r a t i o  ver- 
s u s  t h e  c o a l  feed  rate a lone .  However, proceeding t o  t h e  next  column, t h e  t a b l e  i n d i -  
cates a f a i r  c o r r e l a t i o n  f o r  t h e  d iameter  r a t i o  versus  c o a l  feed  r a t e  when t h e  r e a c t o r  
f reeboard  v e l o c i t y  i s  used t o  parameter ize  t h e  d a t a .  
judge  t h e  e x t e n t  of t h e  c o r r e l a t i o n  was +lo% scatter f o r  a s t rong  c o r r e l a t i o n ,  L15W 
s c a t t e r  f o r  a weak c o r r e l a t i o n ,  and no c o r r e l a t i o n  f o r  s c a t t e r  beyond 15%. 

As  can be seen from Table I V ,  t h e  gas  v e l o c i t y  through t h e  r e a c t o r  (Figure 2)  and t h e  
rank of  t h e  coa l  feeds tock  (Figure 3) c o r r e l a t e  t h e  da ta .  In order  t o  g e t  a more com- 
p l e t e  p i c t u r e ,  the  d a t a  have been c o r r e l a t e d  i n  F i g u r e  4 t o  inc lude  a l l  of t h e  p e r t i n e n t  
e f f e c t s .  Severa l  observa t ions  can be made from t h i s  p l o t .  Due t o  t h e  narrow tempera- 
t u r e  spread  f o r  t h e  r e a c t o r  gas ,  t h e  cons tan t  f r e e b o a r d  v e l o c i t i e s  l i n e s  drawn through 
t h e  d a t a  are e s s e n t i a l l y  cons tan t  gas  i n p u t  rate l i n e s .  Thus, proceeding t o  t h e  r i g h t  
a long a freeboard v e l o c i t y  l i n e  i n d i c a t e s  t h e  e f f e c t  due t o  i n c r e a s i n g  t h e  c o a l  f e e d  
rate. The increas ing  s l o p e  of t h e  t h r e e  l i n e s  drawn i n d i c a t e s  g r e a t e r  s e n s i t i v i t y  t o  
t h e  c o a l  feed  r a t e  as t h e  f reeboard  v e l o c i t y  and/or  rank  of  t h e  coa l  a r e  increased .  
Because t h e  r e a c t o r  f reeboard  v e l o c i t y  and the  c o a l  rank w e r e  changed s imul taneous ly ,  
i t  w i l l  be  necessary t o  conduct f u r t h e r  tests and ana lyses  t o  s e p a r a t e  t h e  e f f e c t s  of 
f reeboard  v e l o c i t y  and c o a l  rank. 

Summing t h e  char product  stream flow r a t e s  (drawoff from t h e  r e a c t o r  and t h e  char s e p a r -  
a t e d  from t h e  product  gas  stream) and p l o t t i n g  t h e  d a t a  a s  i n  F igure  5 ,  w e  see t h a t  
approximately 65% of  t h e  c o a l  feed  l e a v e s  t h e  r e a c t o r  as char  product r e g a r d l e s s  of t h e  
f reeboard  ve loc i ty .  However, t h e  s p l i t  i n  t h e  two streams is indeed dependent on t h e  
f reeboard  v e l o c i t y .  In Figure  6 ,  i t  has been shown t h a t  increasing t h e  f reeboard  velo-  
c i t y  w i l l  cause a r e l a t i v e  decrease  i n  t h e  amount of char i n  t h e  drawoff product  s t ream. 
To d i s t i l l  these  f a c t s ,  i n c r e a s i n g  t h e  r e a c t o r  f reeboard  v e l o c i t y  appears  to  s t r i p  i n -  
creased amounts of char from t h e  bed l e a v i n g  behind  a l a r g e r  mean p a r t i c l e .  

With regard  t o  the  e f f e c t  of t h e  c o a l s '  caking and s w e l l i n g  p r o p e r t i e s  on t h e  char  par -  
t i c l e  s i z e ,  t h e  d a t a  does n o t  a l low any s t r o n g  conclusions.  One would expect  t h e  higher  
f r e e  swel l ing  coa ls  t o  grow more dur ing  d e v o l a t i l i z a t i o n .  In a d d i t i o n ,  i t  has  been pro- 
posed t h a t  as t h e  c o a l  goes through t h e  s t i c k y  phase i t  is  l i k e l y  t o  g a t h e r  a c o a t i n g  of 
f i n e s  on i t s  sur face .  Looking a t  photomicrographs of char  p a r t i c l e  c r o s s  s e c t i o n s  ( s e e  
F igure  7 ) ,  r evea ls  t h e  pore s t r u c t u r e ,  b u t  does n o t  i n d i c a t e  any s t r o n g  d i f f e r e n c e s  be- 
tween comparable s i z e  char  p a r t i c l e s  of d i f f e r e n t  coa ls .  In order  t o  make a r igorous  
comparison of pore s t r u c t u r e ,  one should look a t  t h e  char  product  f o r  i d e n t i c a l l y  s i z e d  
coal .  Because of t h e  t e n f o l d  s i z e  spread  i n  t h e  coa l  feeds tock ,  we cannot  accomplish 
t h i s  from PDU char samples. 

F o r  example, 

The genera l  c r i t e r i a  used t o  

TABLE I V  

Summary of Bed M a t e r i a l  P a r t i c l e  Diameter Corre la r ions  

D p B e S Z  lil Ufb Freeboard Coal Bed Char Residence 
DF Coal Vs,Coal Feed Rate V e l o c i t y  Rank Temp. T i m e  

lil NF 
uf b NF 
Rank NF 
Temp e r a  t ur  e NF 
Residence T i m e  NF 
m/G NF 

F a i r  F a i r  NF NF 
Strong NF NF NF 
NF F a i r  NF NF 
NF N F N F  NF 
NF N F N F  NF 
F a i r  F a i r  NF NF 

NF - No c o r r e l a t i o n  found €or  t h e  a v a i l a b l e  d a t a  
G - T o t a l  r e a c t o r  i n l e t  gas  f low rate. 
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h/t 

NF 
NF 
NF 
NF 
NF 
NF 



There appears  t o  be a d i f f e r e n t  w a l l  s t r u c t u r e  on some of  t h e  Champion c o a l  char p a r t i -  
c l e s  (see arrow, F i g u r e  7 )  which could be  a r e s u l t  of t h e  condensing and coking of the 
tars from t h i s  h i g h l y  f l u i d  c o a l  o r  an accumulat ion of f i n e s .  A t  t h e  t i m e  of t h i s  
w r i t i n g ,  i t  has  n o t  been determined i f  t h i s  w a l l  s t r u c t u r e  d i f f e r e n c e  i s  s i g n i f i c a n t .  
This  phenomena w i l l  b e  i n v e s t i g a t e d  f u r t h e r  dur ing  f u t u r e  tests. 

A ques t ion  germaine t o  f l u i d i z e d  bed o p e r a t i o n  and t o  p a r t i c l e  c leaning  requirements  
f o r  t h e  gas i s  how much a t t r i t i o n  o r  growth of c o a l  and char  t a k e s  p l a c e  i n  t h e  bed. 
F igures  8 and 9 are p l o t s  of overhead product ,  bed product  char and c o a l  versus  p a r t i -  
cle s i z e .  The bottom curves combine the  two product  chars  i n t o  a "blended" product  f o r  
comparison w i t h  t h e  c o a l  raw m a t e r i a l .  T h i s  p r e s e n t a t i o n  i l l u s t r a t e s  s e v e r a l  f a c t s :  

1) Both p a r t i c l e  growth and reduct ion  take  p l a c e  i n  t h e  d e v o l a t i l i z a t i o n  process  
as a r e s u l t  of i n t e r - p a r t i c l e  impact d e v o l a t i l i z a t i o n ,  g a s i f i c a t i o n ,  agglomer- 
a t i o n  and thermal expansion. 

2) Both f i n e s  and o v e r s i z e  char  f r a c t i o n s  are produced from t h e  mid-range c o a l  
p a r t i c l e  s i z e s  (note  t h e  b i m o d a l  d i s t r i b u t i o n  of blended product ) .  

Net product ion  of -200 micron m a t e r i a l  i s  on t h e  order  of 1 0  percent  of t h e  
coa l  feed  (15 p e r c e n t  of char products ) .  

3 )  

CONCLUSION 

The r e s u l t s  of  th is  s t u d y  of char product  c h a r a c t e r i s t i c s  a long  w i t h  t h e  o ther  r e s u l t s  
achieved during t h e  p a s t  year  of t e s t i n g  wi th  t h e  d e v o l a t i l i z e r  r e a c t o r  i n d i c a t e  t h a t  
t h e  des ign  concept f o r  th is  p o r t i o n  of  t h e  process  i s  f e a s i b l e .  Highly caking c o a l s  
were processed f o r  over  two-hundred hours  wi thout  pre- t rea tment  u t i l i z i n g  t h e  d r a f t  
tube  and r e c i r c u l a t i n g  f l u i d i z e d  bed concept. Char product  produced i n  t h e  process  was 
adequate ly  d e v o l a t i l i z e d  and w a s  i n  an acceptab le  s i z e  range ,  f o r  bo th  overhead and bed 
m a t e r i a l  f r a c t i o n s ,  t o  h e  used in t h e  gas i f ie r -agglomera tor  r e a c t o r .  The a t t r i t i o n  
growth o f  p a r t i c l e s  which occurred  w a s  w i t h i n  a c c e p t a b l e  l i m i t s  w i t h  r e s p e c t  t o  o v e r a l l  
p rocess  dynamics. T o  some e x t e n t ,  t h e  r e s u l t i n g  char  p a r t i c l e  s i z e  d i s t r i b u t i o n  de- 
pends on freeboard g a s  v e l o c i t y ,  c o a l  feed  r a t e  and c o a l  rank.  
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FIGURE 2 - BED PARTICLE SIZE VS REACTOR FREEBOARD VELOCITY 
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F I G U R E  3 - BED PARTICLE SIZE FOR EACH FEEDSTOCK .. 
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FIGURE 4 - BED PARTICLE SIZE VS LOADING 
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FIGURE 5 - TOTAL CHAR PRODUCTION VS FREEBOARD VELOCITY 
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FIGURE 6 - AFFECT OF FREEBOARD VELOCITY ON CHAR STREAMS , 
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